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We study the anomalous ondutane plateau around G = 0.7(2e2/h) and the zero-bias anomaly
in ballisti hole quantum wires with respet to in-plane magneti elds applied parallel B‖ and
perpendiular B⊥ to the quantum wire. As seen in eletron quantum wires, the magneti elds
shift the 0.7 struture down to G = 0.5(2e2/h) and simultaneously quenh the zero bias anomaly.
However, these eets are strongly dependent on the orientation of the magneti eld, owing to
the highly anisotropi eetive Landé g-fator g∗ in hole quantum wires. Our results highlight the
fundamental role that spin plays in both the 0.7 struture and zero bias anomaly.
PACS numbers: 74.70.-d, 72.25.D, 71.21.Hb, 73.23.Ad
One-dimensional (1D) systems have revealed some of
the most intriguing eets in solid state physis [1℄. For
example, it is well known that the Coulomb interations
in 1D eletrons systems lead to a orrelated non-Fermi
liquid state known as Tomonaga-Luttinger liquid [1℄. Van
Wees et al. [2℄ and Wharam et al. [3℄ demonstrated the
underlying quantum nature of 1D non-interating ele-
troni systems, following the seminal work of Thornton
et al. [4℄. In these experiments it was shown that the
ondutane of a ballisti 1D system is quantized in units
of G0 = 2e
2/h orresponding to the disreteness of the
number of propagating modes in the hannel (see [5℄ for
a review). This phenomenon has been studied exten-
sively in 1D eletron systems leading to the disovery of
more exoti phenomena suh as the unexpeted feature
around the unquantized value of 0.7G0. This ondu-
tane anomaly was pointed out rst in the early nineties
[6℄ and studied later in detail [7℄, the origin of whih
is still debated [8℄. Beause the non-interating partile
theory does not expet suh a feature [5℄, this ondu-
tane anomaly, known as the 0.7 struture, is believed to
be a many-body eet. In this work, we present a study
of the 0.7 struture and its non-linear ounterpart, the
zero-bias anomaly (ZBA), in hole quantum wires, and
demonstrate that both show an anisotropi response to
an external magneti eld, whih suggests that both are
losely linked and related to spin.
The 0.7 struture is a resonane-like feature that sits
below the rst ondutane plateau. It appears to be
a zero-eld remnant feature of the rst spin-resolved
plateau e2/h when the spin degeneray is lifted by the
Zeeman eet [7℄. This piture is onsistent with the fat
that the 0.7 struture shifts to e2/h with the appliation
of an in-plane magneti eld. Temperature dependene
studies showed that while the quantized plateaus are
thermally smeared, the 0.7 struture beomes stronger
[7, 9℄. This indiates that the 0.7 struture is not due
to eletron baksattering from a defet in the viinity of
the onstrition [5℄, but is thermally ativated and there-
fore not a ground state property [10℄. In addition, the
0.7 struture oinides with an enhaned ondutane at
zero soure-drain bias, whih falls away rapidly as the
bias between soure and drain is inreased. This ondu-
tane peak shares many of the features of the ZBA in
quantum dots [11℄, inluding the splitting and ultimate
destrution of the zero-bias peak with the appliation of
an in-plane magneti eld. This has led to a desription
of the 0.7 struture in terms of a Kondo-like orrelated
state within the onstrition [12, 13℄.
While debate ontinues as to the exat origin of the 0.7
struture [7, 12, 13, 14, 15, 16, 17℄, the anomalous on-
dutane plateau is ommonly believed to be linked with
spin. We therefore expet that the magneti eld de-
pendene of both the ondutane plateau and ZBA will
strongly depend on the 1D eetive Landé g-fator g∗,
whih determines how the spin ouples with an external
magneti eld. Here, we demonstrate this dependene
expliitly by examining the magneti eld dependene of
the 0.7 struture in hole quantum wires. Unlike eletron
1D systems whih have an isotropi g∗, the g-fator in
hole quantum wires is highly anisotropi [18℄. We show
that the ondutane plateau and ZBA also share this
anisotropy by examining their behavior with respet to
in-plane magneti elds applied parallel B‖ and perpen-
diular B⊥ to the wire. In doing so we highlight the
fundamental role that spin plays in these phenomena.
For these experiments, we used the 1D hole bilayer
system grown on (311)A n
+
-GaAs substrate desribed
previously [19℄. Eletrial measurements were performed
in the top wire of the bilayer hole system (the top layer
has mobility 92 m
2
V
−1
s
−1
and density 1.2×1015 m−2)
in a dilution refrigerator using standard low-frequeny
a lok-in tehniques with an exitation voltage of 20
µV at 17 Hz. Side gates and a middle gate reated by
standard eletron beam lithography dene the quantum
wires along the [233] diretion.
In Figure 1(a) we show the dierential ondutane
G = dI/dV (orreted for a 2.5 kΩ series resistane)
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FIG. 1: (a) G of the quantum wire versus side gate voltage
VSG, for T = 20, 200, 320, 550 and 650 mK; Eah urve is
shifted to sit on top of the 20 mK urve; (b) G versus soure-
drain bias VSD for dierent VSG at T = 20 mK; () G versus
VSD for dierent VSG at T = 320 mK; data are taken for bak
and middle gates xed at 2.5 V and -0.225 V respetively. No
magneti eld is applied to the system; (a), (b) and () are
data taken from the same ool down.
of the two rst 1D subbands as a funtion of side-gate
voltage VSG for dierent temperatures. The anomalous
plateau at 0.7G0 beomes signiantly stronger as the
quantized plateaus are washed out with inreasing tem-
perature, as has been observed in indued hole quantum
wires [20℄. This indiates that the observed feature is
not a ondutane transmission resonane due to a defet
in the viinity of the onstrition. The higher plateaus
beome unresolvable above T & 600 mK, i.e. at tem-
peratures approximately an order of magnitude smaller
than for 1D eletron systems [7, 10℄. This is due to the
greater eetive mass of holes m∗h ≈ 5m
∗
e, whih results
in signiantly smaller subband spaings in p-type 1D
systems [19℄. In Figures 1(b) and 1() we also show the
ondutane as a funtion of soure-drain bias (SDB) for
several VSG. The data show a well dened ZBA (the
narrow peak in ondutane around VSD = 0 V) for on-
dutanes below 2e2/h [Fig. 1(b)℄: For T ≈ 300 mK,
the ZBA has vanished [Fig. 1()℄, a temperature whih
is approximately two times less than for eletron systems
[12, 21℄. These results are onsistent with previous stud-
ies of spin-dependent foussing in 1D hole systems [22℄.
One the 1D onstrition is reated, inreasing VSG
moves the Fermi level through the 1D spin degenerate
FIG. 2: (a) G of the quantum wire versus side-gate voltage
VSG for dierent in-plane magneti elds parallel to the wire
(B‖) from 0 T (i.e. when 1D subbands are degenerate), to
3.6 T (i.e. when 1D subbands are ompletely spin resolved),
in inrements of 0.2 T (from left to right). T = 20 mK, bak
and middle gates are at 2.5 V and -0.225 V, respetively. All
urves are oset for larity. (b): graysale of the transondu-
tane as a funtion of B‖ up to 8.8 T and G. White regions
orrespond to low transondutane (ondutane plateaus).
(): graysale of the transondutane as a funtion of versus
B⊥ and G, with similar experimental onditions.
subbands [5℄. An in-plane magneti eld lifts the spin de-
generay of the 1D subbands [3℄, with the non-degenerate
subbands beoming quantized in units of e2/h above a
ritial eld BC . Figure 2(a) shows the eet of the in-
plane magneti eld parallel to the wire B‖ on the quan-
tized steps and the 0.7 struture. We observe learly the
Zeeman splitting of the 1D subbands and the smooth evo-
lution of the plateau at 0.7G0 to 0.5G0 = e
2/h atB‖ = 3.6
T, i.e. to the omplete spin-resolved ondutane. Figure
2(b) shows a graysale of the transondutane dG/dVSG
of the same data highlighting the shift of the 0.7 struture
to 0.5G0 around B‖ = 3.6 T. After thermal yling and
reorientation of the sample, an in-plane magneti eld
perpendiular to the onstrition B⊥ was applied. Fig-
ure 2(), shows a graysale of the transondutane at T
= 20 mK as a funtion of G and in-plane magneti eld
B⊥ up to 10 T. B⊥ does not aet the quantized steps.
This highlights the extreme anisotropy of the g-fator in
1D hole systems that has been observed previously [18℄.
This anisotropi behavior of the Zeeman splitting arises
from the 1D onnement in this system with strong spin-
orbit (SO) oupling whih fores the quantization axis of
Jˆ , originally perpendiular to the 2D plane [23℄, to align
3FIG. 3: (a) and (b): G versus VSD for dierent VSG of the same quantum wire at (a) B‖ = 0 T and (b) B‖ = 3.6 T, T = 20
mK, bak and middle gates are at 2.5 V and -0.225 V, respetively ((a) and (b) are taken at the same ool down). (), (d) and
(e): G versus VSD, for dierent VSG, for B⊥ = 0, 3.6 and 10 T, in similar experimental onditions ((), (d) and (e) are taken
at the same ool down; () and Fig. 1 (b) are the same data): the ZBA is learly observed at B⊥ = 0 and 3.6 T. At B⊥ = 10
T, the ZBA vanishes at low ondutane.
along the length of the wire [18℄.
Consistent with the behavior of the 0.7 struture, SDB
measurements show that the ZBA exhibits the same re-
markable anisotropy, demonstrating the peuliarities of
holes ompared to eletrons. Figures 3(a) and 3(b) show
the ondutane as a funtion of SDB for B‖ = 0 T and
B‖ = 3.6 T respetively. The lear ZBA measured at
zero magneti eld is suppressed by B‖ = 3.6 T, oin-
iding with the ondutane plateau reahing G = 0.5G0
and fully spin-resolved of higher subbands. The magneti
eld dependene is signiantly dierent for the B⊥ ase.
Figures 3(), (d) and (e) present SDB data from for B⊥
= 0, 3.6 and 10 T respetively, taken during the same
ool down as in Fig. 2(). The lear and reproduible
ZBA remains intat at B⊥ = 3.6 T and does not seem
to be aeted by the magneti eld. At B⊥ = 10 T, the
ZBA is nally destroyed.
Connement and SO oupling alter drastially the hole
properties in zin-blende ompounds. The 2D onne-
ment lifts the heavy hole (HH)- light hole (LH) degener-
ay with HH's oupying the lowest energy state. This
means that the arrier transport is predominantly via
the HH subband [23℄. It is therefore surprising that
the 0.7 struture evolves smoothly to 0.5G0 with in-
reasing B⊥ despite no evidene for Zeeman splitting in
the higher subbands. Nonetheless, its evolution is still
highly anisotropi. For the B‖ ase, the 0.7 struture
falls rapidly, reahing 0.5G0 at B‖ = 3.6 T. On the on-
trary, the 0.7 struture is barely aeted at B⊥ = 3.6
T and reahes 0.5G0 only at muh larger magneti elds
B⊥ = 10 T. We notie that the evolution of the 0.7 stru-
ture is ompliated at very high elds by a weak addi-
tional feature in the ondutane that appears to split
o from the 1D subband [24℄. However, SDB measure-
ments at B⊥ = 10 T reveal that the ZBA is absent at this
eld, suggesting that 0.7 struture has indeed reahed its
spin-resolved state (i.e. 0.5G0). This highly anisotropi
behavior with respet to the in-plane magneti eld rein-
fores strongly the hypothesis that the 0.7 struture and
the ZBA are linked and spin-related phenomena. How-
ever, the question still remains as to why we observe any
eet of B⊥ on the 0.7 struture and ZBA at all up to
3.6 T, a magneti eld suiently large that is leads to
a fully spin resolved state in the parallel orientation?
The higher subbands show little evidene of spin split-
ting up to B⊥ = 10 T, indiating that the g
∗
⊥ for the
rst subband is at least 4.5 times less than g∗‖ [18℄ i.e.
g∗‖/g
∗
⊥ > 4.5. On the other hand, the shift in the 0.7
struture and the destrution of the ZBA at B⊥ = 10
T suggest that these features are more sensitive to an
external magneti eld. In addition, if we ompare the
rate at whih the 0.7 struture evolves towards 0.5G0 as
a funtion of B‖ and B⊥ we nd that the anisotropy an
be no greater than g∗‖/g
∗
⊥ ≤ 4. This redution in the
anisotropy is also onsistent with alulations based on
our devie struture (i.e. quantum well widthWx and 2D
hole density) and rystallographi orientation [25℄. The
alulations predit that 1D onnement indued HH-
LH band mixing results in a signiant enhanement of
both g∗‖ and g
∗
⊥. However, g
∗
⊥ is predited to inrease
more rapidly with onnement, resulting in a redution
in the g-fator anisotropy: our measurements are onsis-
tent with this. With inreasing onnement, the g-fator
anisotropy is predited to beome zero and then ulti-
mately reverse in the extreme 1D limit where the width
of the wire Wy beomes omparable to the width of the
quantum well Wx i.e. g
∗
⊥ > g
∗
‖ for Wx/Wy & 0.42. The
ontinuous transition in g-fator anisotropy orresponds
to a monotoni hange in the arriers from HH harater
in the 2D limit to LH harater in the symmetri wire
limit Wy = Wx, whih results from onnement indued
4HH-LH band mixing.
The extreme 1D limit is inaessible in our samples due
to the long Fermi wavelength λF. At the rst plateau
Wy = λ
1D
F /2 and we expet λ
1D
F to be approximately
four times greater than the 2D Fermi wavelength [26℄
i.e. λ1DF /2 ≈ 140 nm giving Wx/Wy ≈ 0.15 [27℄. How-
ever, even at this level of onnement we an expet to
see the eets of band mixing below the rst subband
[25℄ and hene a redution in g-fator anisotropy for the
0.7 struture [28℄ - as observed in our experiments. We
note that sine the magneti length lB =
√
~/eB an be
omparable to the width of the wire even at moderate
elds, magneti onnement may ontribute to the g-
fator anisotropy at large B (in addition to LH-HH mix-
ing). However, the anisotropi behavior of the 0.7 stru-
ture at low elds is unlikely due to magneti onnement.
Furthermore sine we ompare the measured anisotropy
of the ZBA and the measured behavior of the 0.7 stru-
ture, the onlusion that both ondutane anomalies are
spin related is still valid, even with strong SO oupling.
There is not yet a onsensus as to the origin of the
0.7 struture. Some of the theories inlude spontaneous
spin polarization [14℄, Kondo eet [13℄, eletron-phonon
sattering [15℄, harge density waves [16℄ or Wigner rys-
tals [17℄. While a detailed omparison of our data with
these various models is beyond the sope of this work, our
data provide valuable new onstraints on theory: while
interations are strongly enhaned due to the large ee-
tive mass, holes have an eetive spin J = 3/2, so the
spin-physis ould be dierent.
To summarize, we have studied the 0.7 struture and
the ZBA in 1D hole systems. We have shown that both
features reat to an in-plane magneti eld depending
on its orientation with respet to the quantum wire di-
retion. These ndings strongly support, rstly that 0.7
struture and ZBA are diretly linked, and seondly that
they are both related to spin. Finally, we have shown that
the 0.7 struture evolves slowly to 0.5G0 despite the sup-
pression of the Zeeman splitting for HH when an in-plane
magneti eld is applied perpendiular to the wire: this
may be the result of HH-LH mixing indued by the 1D
onnement.
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